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Brain-derived paralysis is a disease dominated by limb paralysis
caused by various brain diseases. The damage of upper motor neurons
can lead to spastic paralysis of the limbs in different parts. If it cannot
be treated in time and effectively, it will severely affect the motor
function and ability of daily living. Treating limb spastic dysfunction
in patients with brain-derived paralysis is a global problem. Presently,
there are many alternative surgical methods. This article mainly reviews
the treatment of limb spastic dysfunction with brain-derived paralysis,
focusing on three aspects: limb spasmolysis, orthopedics, and functional
reconstruction. Among them, the transposition of the peripheral nerve
helps limb function with spastic paralysis and can effectively alleviate
limb spasticity.
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1

Introduction

Brain-derived paralysis means the paralysis
caused by the focus in the brain, which mainly
includes diseases caused by stroke sequelae, brain
trauma sequelae, brain tumor, brain surgery,
encephalitis, and infantile cerebral palsy, with limb
paralysis as a primary symptom. These diseases
often affect the upper motor neurons in the human
brain [1]; thus, resulting in spastic paralysis of
the limbs in different parts, such as spasms and
dyskinesia in the wrist, elbow, shoulder, hip, knee,
and ankle joints [2]. Furthermore, this disease
severely affects the quality of life of patients.
Suppose timely and effective treatment is not

conducted for a long time. In that case, the limb
function is limited, and pain, muscle atrophy,
joint contracture, and deformation of the affected
limbs will occur. This aggravates the condition of
patients and increases the difficulty in treatment
[3]. Brain-derived paralysis, a persistent syndrome
of motor and postural development disorder and
limited movement, is often accompanied by many
complications, such as sensory, cognitive, and
behavioral disorders [4], and its incidence rate
reaches 0.2%–0.3% globally [5, 6]. Stroke, an acute
cerebrovascular disease characterized by neurological deficit, has a high disability rate. About
75% of patients have different degrees of disability,
and about 120 million people worldwide have
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spastic paralysis after stroke [7]. Spastic paralysis
of the limbs caused by high spinal cord injury can
also be included in the same category because
its clinical manifestations are similar to those
diseases. For patients, even a partial recovery of
function, partial relief, and correction of limb
spasm and deformity will positively impact the
quality of life [8, 9].
Currently, there are many treatments of limb
function for spastic paralysis, which are mainly
performed from the perspective of spasmolysis,
orthopedic, and functional reconstruction. These
include physiotherapies, such as manipulation
therapy, exercise therapy, and physical factor
therapy. Also, drug therapies, such as intramuscular injection of botulinum toxin, intrathecal
injection of baclofen [10–13], and surgical
treatment, such as selective posterior rhizotomy
(SPR), selective peripheral neurotomy (SPN),
Achilles tendon transposition, and transposition
of peripheral nerve [14, 15] are included.
Compared with other methods to improve limb
spasms, transposition of peripheral nerve has
been proven to be satisfactory in the long-term
effect of improving limb spastic dysfunction in
patients with brain-derived paralysis [16]. Thus,
this article mainly reviews the research progress
of spasmolysis, orthopedic, and functional
reconstruction of limbs in brain-derived paralysis
based on many basic and clinical studies to
provide a reference for treating brain-derived
paralysis.

2

Limb spasmolysis of brain-derived
paralysis

Classic surgical methods for spasmolysis include
SPR and SPN, suitable for spastic patients that
affect the quality of life, especially those with pain.
SPR has been used to relieve limb spasms for
more than 100 years. Sherrington first proposed
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the internal physiological relationship between
muscle tension and spastic state at the end of the
19th century, which provided a theoretical basis
for the surgical treatment of the spastic state
of the affected limbs [17]. Also, Foerster cut off
all posterior roots of spinal nerves for the first
time in 1908 to relieve spasms [18]. However,
this operation was not popularized in clinical
practice since the affected limb’s sensation was
lost after the operation. Subsequently, Fasano et al.
present a modification of Foerster’s Rhizotomy
in 1976 [19]. They preserved part of the spinal
nerve roots during surgery, which made SPR
become a safe and effective surgical method for
treating spastic cerebral palsy. Yu et al. [20, 21]
found that partial tibial and musculocutaneous
nerve transection can be used to treat ankle and
elbow spasms in children with cerebral palsy and
achieve an ideal curative effect. Its mechanism
may include two theories: γ-tract and peripheral
cortex peripheral tract. The γ-tract theory
explains why lumbosacral SPR relieves lower
limb spasms [22], whereas the peripheral cortex
peripheral tract theory explains why lumbosacral
SPR improves upper limb spasms, salivation, and
language disorder [23]. However, SPR has some
shortcomings, such as great trauma, high risk,
and relatively many long-term complications.
Therefore, some scholars put forward the method
of SPN, including selective musculocutaneous
neurotomy, selective median neurotomy, selective
sciatic neurotomy, and selective tibial neurotomy.
Its mechanism is to cut off the γ-tract, weaken the
signal afferent to the posterior root of the spinal
cord, reduce the sensitivity of γ motor neurons,
and reduce the stretch reflex to treat hypertonia
and spasm [24]. Furthermore, SPR can reduce
limb muscle tension and is suitable for tetanic
limb spasms, whereas SPN effectively reduces
single muscles in muscle groups with fewer
traumas and is suitable for focal spasms [25].
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3

Limb orthopedics of brain-derived
paralysis

It is necessary to perform orthopedic surgery
for patients with severe deformities, especially
those with cerebral palsy whose passive activities
cannot approach the normal range. Talipes
equinovarus, hip adduction deformity, and
knee flexion contracture are the most common
deformities in children with cerebral palsy.
Orthopedic surgery mainly adjusts muscle
strength and tension through Achilles tendon
transfer and lengthening or shortening; thus,
relaxing spastic muscle groups and relieving
deformity. Surgical methods include hamstring
muscle release, posterior tibial muscle lengthening, anterior tibial muscle transfer, adductor
amputation, anterior obturator nerve neurotomy,
and foot joint capsule release. For example, talipes
equinovarus can release spastic muscle groups,
adjust muscle tension, balance muscle strength,
and correct deformity by partially moving to the
outer lateral of posterior tibial muscle tendon
and anterior tibial muscle and lengthening the
Achilles tendon [26, 27]. Additionally, the limbs
of brain-derived paralysis can be corrected by
correcting bone deformity. For example, resection
of the navicular bone can appropriately correct
severe equinovarus deformities in children [28].
Madelung’s deformity is characterized by an
increased volar and ulnar tilt of the articular
surface of the radius and a bow of the distal
radius in a palmar direction. Furthermore,
corrective osteotomy of the radius is desirable,
and it mainly includes three methods: volar
approach, ligament release, and dome osteotomy
technique [29, 30]. Lower extremity deformities
in children rely on osteotomies for correction.
Among them, percutaneous osteotomies are
advantageous for soft-tissue healing as a method
for cutting bone. Such an approach preserves

blood supply to the bone, maximizing the ability
of the bone to heal [31].
All bony corrections should be combined
with soft-tissue reconstruction. For example,
Ilizarov frames provide a versatile fixation system
for managing bony deformities. The frames give
stability, soft-tissue preservation, and adjustability
[32]. Using Ilizarov external fixation techniques has
improved correction, stabilization, and decrease
in recurrence rates based on the operative therapy
[33]. Mittal et al. began following up SPR patients
for a long time since 1997 and found that their
function and muscle strength can be significantly
improved after receiving standard orthopedic
surgery after SPR [34]. Additionally, patients
with cerebral palsy have high muscular tension;
however, only orthopedic surgery without nerve
spasmolysis surgery will lead to recurrence or
even reverse deformity due to high muscular
tension even if the deformity is corrected.
Furthermore, an orthopedic surgery cannot
essentially relieve spasms or improve the spastic
gait of cerebral palsy [35]. Therefore, orthopedic
surgery is an important supplement to SPR/SPN
in the clinic, and patients with cerebral palsy need
SPR/SPN to relieve spasms before correcting
deformity [36].

4

Functional reconstruction
derived paralysis

of

brain-

In the early 20th century, some scholars have
used intercostal nerve transfer to reconstruct
limb functions of patients with spastic paralysis.
However, due to the small number of intercostal
nerve fibers and short distance that can be
dissociated, it is only suitable for patients with
lower thoracic spinal cord injury [37]. In 1963,
Seddon first adopted intercostal nerve transfer,
conducted systematic research, and achieved
ideal clinical effects [38]. In 1969, Tsuyama et al.
reported that the intercostal nerve was directly
Journal of Neurorestoratology
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sutured with musculocutaneous nerve and
achieved satisfactory results [39]. In the 1970s,
Academician Gu et al. initiated phrenic nerve
transfer, which became a satisfactory method to
treat elbow flexion function of patients because of
the high frequency spontaneous electrical activity
of phrenic nerve day and night containing more
thick motor nerve fibers [40]. In 1989, Gu et al.
initiated and applied contralateral C7 nerve
transfer to repair brachial plexus injury globally,
which became a classic contralateral nerve root
transfer operation [16]. Since 1996, Zhang et al.
have improved transposition of the peripheral
nerve, which has achieved satisfactory results
in relieving limb spasms after CNS injury and
rebuilding some nerve functions [41–43]. The
surgical methods can be divided into nerve
transfer graft surgery, vascularized intercostal
nerve transfer, and side-to-side suture interfascicular of peripheral nerves. Simultaneously, the
above surgical methods can be combined with
SPR/SPN and orthopedic surgery for functional
reconstruction. Its indications mainly include
the following aspects:
(1) Hemiplegia resulting from stroke sequelae:
patients with incomplete spastic hemiplegia
whose lesions are stable after treatment for
more than 6 months, in good health, younger than
60 years, and requiring improvement of hand or
ankle function.
(2) Pediatric patients with cerebral palsy:
patients older than 6 years old whose intelligence
is acceptable, and can barely walk or poor hand
function.
4.1

Theoretical basis

Like other tissues and organs of the human
body, peripheral nerves have a certain amount
of physiological function reserve, a compensatory
ability to deal with injury. Its essence is the
result of extensive innervation of functional fibers
after multiple nerves cross and mix at the proximal
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end of the peripheral nerve. Therefore, cutting
1/3 of the nerve fibers of the nerve trunk can
recover quickly and has no significant effect on
the function of the donor nerve [44]. This provides
theoretical support for the clinical, functional
recovery of peripheral nerve transposition, which
is not crucial or can be compensated.
Peripheral nerves are mostly mixed nerves,
which are the aggregation of axons and dendrites
of many neurons in the CNS. Each nerve axon
and dendrite crossmerge and separate in the
nerve trunk to form the network structure inside
the nerve, which is particularly obvious in the
proximal part of the nerve. This network structure
makes the functions of adjacent nerve bundles
overlap. Therefore, when a bundle of nerve fibers
is damaged (especially at the proximal end), its
function can be compensated by other peripheral
nerve bundles at the distal end of the injury
through the cross-network structure, which is
the manifestation of the functional reserve of
peripheral nerves. Thus, peripheral nerves’
functional reserve determines the compensatory
ability after nerve injury [45].
The possible mechanisms of transposition of
the peripheral nerve are as follows [46–48]:
(1) Transposition of peripheral nerve mainly
plays a role in guidance and bridge, promotes axon
regeneration, and forms a synaptic connection
between isolated and damaged neurons to
achieve signal transmission and reconstruct
nerve function.
(2) Peripheral nerve contains various cellular
components, such as fibroblast and Schwann
cells. These cells can secrete extracellular matrix
and several neurotrophins, protect and nourish
damaged neurons, induce axon regeneration, and
promote neuronal repair.
The number of nerve fibers in the peripheral
nerve exceeds the number required by the target
tissue, and the excess part is called the “functional
reserve of peripheral nerves”. This part of nerve
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fibers can be used as the donor nerve without
significantly affecting the function of the effector
muscle [44]. Therefore, the transposition of the
peripheral nerve should connect donor and recipient nerve, reconstruct damaged nerve function,
alleviate limb spasms, and correct deformity.
4.2

Nerve transfer graft surgery

The function of partially denervated tissue can be
reconstructed by suturing the normal peripheral
nerve with the one innervating the paralyzed
tissue of patients with paralysis [49]. However,
in the end-to-end anastomosis of the nerve, the
sensory nerve of the donor is directly anastomosed
with the injured motor nerve, sacrificing the
normal nerve function [50]. Ballance et al. first
reported the end-to-side anastomosis of nerves in
1903 [51]. It was not until Viterbo et al. conducted
several experimental studies in 1992 and found
that the end-to-side anastomosis of nerves had
no damage to the donor nerve or its innervated
muscle [52]. However, the damaged nerve needs
to be cut and anastomosed to the adjacent healthy
nerve in the end-to-side anastomosis of nerves.
In some types of injuries, damaged nerve function
may not be lost entirely, and cutting the nerve
may lose its proper function.
Subsequently, Zhang et al. used nerve fiber
bundles in the physiological reserve of adjacent
normal nerve roots and trunks to make a wedgeshaped incision from the side to sew with the
embedded nerve segments. The other end was
inserted into the nerve roots and trunks, innervating the spastic paralyzed limbs cut from the
side [53, 54]. The normal nerve fibers of functional
reserve grow into the nerve roots/stems of the
paralyzed limb through grafted nerve segments
to relieve spasticity and rebuild the pathway
with the CNS. The advantage of this operation
is that the donor nerve only cuts off the part of
the nerve fibers of the physiological reserve,
expanding the selectable range of the donor

nerve compared with traditional nerve transfer.
Also, it cuts off some nerve fibers that innervate
the spastic muscle group, which can effectively
reduce the recurrence rate by relieving spasms
and restoring some normal innervation simultaneously. Zhang et al. cut off some or all of the
reserve nerve fibers and anastomosed them by
selectively cutting some of the receptor nerve
fibers [42, 55]. This preserves the remaining nerve
fibers and partially preserves the involuntary
muscular contraction and muscle strength of the
spastic paralyzed muscles. After postoperative
rehabilitation training, pathological reflex contraction was synchronized with the reconstructed
active contraction, which could enhance the
motor function of the muscles innervated by
the reconstructed nerve function more than the
traditional nerve transfer. Additionally, some
scholars also grafted the accessory nerve motor
branch and intercostal nerve to the phrenic nerve
to reconstruct some functions of respiratory
muscles to assist the patient in removing the
ventilator [56, 57]. After decades of development,
nerve transfer graft surgery has become a surgical
treatment method for spastic paralysis.
4.3

Vascularized intercostal nerve transfer

In 1991, some scholars harvested normal vascularized intercostal nerves, arteries, and veins
by cutting at their distal ends at the midclavicular
line and separating the proximal ends from the
levatores costarum [58]. The nerves were then
transferred to the vertebral canal through a
submuscular tunnel and sutured with selected
lumbar nerve roots (L1/2 or L3/4) by epiperineurial
neurorrhaphy in subdural or extradural. If the
transferred intercostal nerve was not long
enough, the sural nerve was taken and sheared
into two segments and sutured to the intercostal
nerves by epiperineurial neurorrhaphy and then
to the lumbar nerve roots by interfascicular
neurorrhaphy. Next, follow-up after the operation
Journal of Neurorestoratology
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showed that this method can reconstruct part
of the patient’s motor and sensory functions.
Simultaneously, he also used the same method
to transfer vascularized intercostal nerve to
S2–S4 nerve roots with selected interfascicular
anastomosis. This was done to reconstruct partial
urination and defecation functions and sensation
in the buttock, perineal region, and vulva region
of patients with paralysis [24, 59]. Finally, in
2007, Wang et al. transferred the vascularized
ulnar nerve to the femoral nerve to effectively
reconstruct part of the patient’s lower limb
function [60].
4.4 Side-to-side suture interfascicular of
peripheral nerves
To improve the disadvantages of traditional
end-to-side anastomosis of nerves, some scholars
initiated and applied the side-to-side suture
interfascicular of peripheral nerves in 1998 to
treat patients with spastic paralysis [61]. They
chose an adjacent nerve stem or fascicle group
with normal function as the donor nerve, the
damaged nerve was used as the acceptor
nerve. At the proper level, the epineurium and
perineurium of two nerves were cut open about
1–1.5 cm, and exposed parts of two nerves
were put together. The opened epineurium and
perineurium that were sutured side-to-side
did not affect the integrity of the two nerves.
Simultaneously, while maintaining the integrity
of the two nerves, the nerve growth factor secreted
by the two nerves can interact with each other to
induce sprouting and grow into each other [62].
The number of new nerve lateral buds increases
with the enlargement of lateral incision and
the increase in nerve bundle incision [63]. This
method can prevent the skeletal muscle from
being in a state of denervation for a long time to
avoid gradual atrophy of skeletal muscle fibers
with extension of time after losing the nutritional
effect of the nerve, and effectively prevent
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irreversible denervated muscle atrophy of skeletal
muscle [64–66]. This method, combined with the
correction of limb deformity, can shorten the
recovery time and give better play to the effect
of neurosurgery. Yüksel et al. [67] has proven
through animal experiments that the effect of
side-to-side suture interfascicular of peripheral
nerves is better than end-to-side anastomosis of
nerve for the recovery of limb motor function.
Then, a case of side-to-side suture interfascicular
of peripheral nerves between the median and
ulnar nerves was reported, and satisfactory results
were obtained [68]. Later, Zhang et al. used the
side-to-side suture interfascicular of peripheral
nerves for partial sensory function reconstruction
for paraplegia or tetraplegia [69]. They found that
the recovery of sensory function is better than
motor function [70]. Furthermore, side-to-side
suture interfascicular of peripheral nerves does
not damage normal donor nerves. Not affecting
the regeneration of injured nerves can improve
motor and sensory function of the affected limb
and have the advantages of simple operation and
rapid recovery.

5

Summary

Limb spasmolysis, orthopedics, and functional
reconstruction of brain-derived paralysis have
always been complex problems in the medical
field, adversely impacting individuals, families,
and society. With the continuous development
of medicine in the past decades, more surgical
methods have been chosen. Among them, the
transposition of the peripheral nerve is helpful to
the limb function of patients with spastic paralysis
and can effectively alleviate the spasticity of the
limbs of patients. As a result, muscle strength,
sensation, and joint mobility have been
significantly improved. When choosing surgical
treatment, it is necessary to grasp the surgical
indications and selection of surgical patients
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accurately. We should pay attention to the
occurrence of complications and exercise muscle
strength and motor ability as soon as possible.
Only in this way can the effect of surgery be
maximized.
Conclusively, this is a powerful measure to
improve the limb function of patients with cerebral
palsy. It can enable some patients to take care of
themselves and return to society. It has great
social and economic significance and is worthy
of extensive promotion to benefit society and
more patients. However, there is a relative lack
of clinical research and long-term follow-up
investigation, which deserves extensive attention
from researchers.
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